such as weeds must be prevented within economic constraints. In previous research at Stoneville, where (Mickelson and Renner, 1997; Swanton et al., 1998) .
T he early soybean production system (ESPS: neces-USA (Askew et al., 1998; Heatherly et al., 1993 Heatherly et al., , 1994 ; sary seedbed preparation tillage in the fall; winter Hydrick and Shaw, 1995; Oliver et al., 1993 ; Poston et and spring weeds killed with a preplant, foliar-applied al., 1992). herbicide; early maturing cultivars planted into a stale, Wide-row soybean production systems are used beuntilled seedbed in April; Heatherly, 1999c) vs. the concause they match the row-spacing requirements of other ventional soybean production system (CSPS: May and row crops in a producer's crop mix. Wide-row systems June planting of later maturing cultivars) offers an alterare amenable to band application of herbicides and native for soybean production in the midsouthern USA POST cultivation, which may result in lower weed con- (Boquet, 1998; Bowers, 1995; Heatherly and Spurlock, trol costs. Narrow-row systems, on the other hand, pre-1999). The ESPS may utilize both indeterminate [matu- clude POST cultivation, which normally has been used rity group (MG) III and IV] and determinate (MG V) in WRs (Ն0.75 m) of the CSPS (Buhler et al., 1997; cultivars (Bowers et al., 2000; Heatherly and Spurlock, Hooker et al., 1997; Newsom and Shaw, 1996; Swanton 1999) . Choice of row spacing in the ESPS should depend et al., 1998). Bowers et al. (2000) determined that yields on the growth habit of indeterminate cultivars (Heathof MG III and MG IV indeterminate cultivars grown erly and Bowers, 1998) vs. determinate cultivars.
in NRs were greater than yields from WRs at 50% of Soybean, especially that not irrigated, provides relathe sites in a regional study (Arkansas, Louisiana, and tively low gross return with a small margin for profit in Texas). However, weed control was essentially 100% the midsouthern USA (Heatherly et al., 1994; in these studies, so the economic importance of yield and Spurlock, 1999; Williams, 1999) . The small profit responses could not be determined. Thus, determination margin from soybean grown without irrigation dictates of economically feasible weed management systems usthat all costs associated with production must be miniing broadcast-applied PRE and POST herbicides withmized and that yield losses due to controllable pests out POST cultivation in NRs and using band-applied PRE and POST herbicides with POST cultivation in 1998 to kill weed vegetation. Populations of emerged soybean Many weed management systems will provide similar plants were visually assessed to determine adequacy and unicontrol of weeds, but cost differences can be large formity within plots and among plots of different treatments. (Buhler et al., 1997; Heatherly et al., 1993 Heatherly et al., , 1994 . This
Random measurements were made after emergence each year, cost difference, coupled with differences in yield among and stands were determined to be of acceptable density and weed management systems, can mean significant differuniformity in all plots.
ences in net return among systems of weed control
Weed management treatments were selected along the fol- (Buhler et al., 1997; Heatherly et al., 1993 Heatherly et al., , 1994 (1 m wide) and to evaluate this effect on yield in relation done exclusively with herbicides, whereas both herbicides and to cost of and net return from the various systems.
POST cultivation were used in WRs. Postemergent cultivation was conducted in WRs three times in 1997 and two times in 1998. Within each WTRT, use of herbicides and their combina-
MATERIALS AND METHODS
tions in both NRs and WRs and use of cultivation in WRs Field studies were conducted in 1997 and 1998 at the Delta was dictated by expected weed populations (PRE) or actual Research and Extension Center at Stoneville, MS (33Њ26Ј N populations (POST). Selection of POST herbicides was based lat), on Sharkey clay (very fine, smectitic, thermic Chromic on expert opinion from assessing the presence and size of Epiaquert). Separate NI and IRR experiments were conparticular weed species in plots of each WTRT within each ducted using a randomized complete block design with four RW. The objective was to minimize weed competition within replicates each year. Treatments were arrayed in a split-split the constraints of each individual treatment. plot factorial arrangement with RW as the main plot, cultivar
Herbicides (see Table 1 for chemical notation) were broadas the subplot, and weed management treatment (WTRT) as cast-applied to NRs and band-applied (0.5-m-wide band centhe sub-subplot. Treatments were randomly assigned to plots tered over each row) to WRs each year at labeled rates with in 1997 and remained in the same location thereafter to assess recommended adjuvants and in recommended tank mixes. the effect of continued use of a system. Pre-emergent herbicides were applied immediately after Plantings were made on 8 Apr. 1997 and 1 Apr. 1998. A planting each year. In 1997, rainfall did not occur until 14 d conventional plate planter with double-disk openers and closafter PRE herbicide application, whereas 18.5 mm of rain fell 2 d after the PRE application in 1998. The 14-d period between ing wheels to seal the seed trench was used. Cultivars were Dixie 478 (MG IV, early maturing) and DP 3588 (MG V, later the PRE treatment and rain in 1997 resulted in more intensive POST weed management in 1997 than in 1998 (see Table 1 ). maturing), which were chosen based on yield history at the study site, regional variety trial results, and use patterns by Pre-emergent herbicides and POST broadleaf herbicides were applied in 187 L ha Ϫ1 water, whereas POST grass herbicides producers. The MG IV cultivar has an indeterminate growth habit with upright stature and little branching. The MG V were applied in 94 L ha Ϫ1 water. Herbicides were applied using a canopied sprayer (Ginn et al., 1998a) for over-the-top cultivar has a determinate growth habit with a bushy canopy structure resulting from branching up the entire length of applications (to prevent drift to adjacent plots of different treatments) or a directed sprayer (Ginn et al., 1998b) for the main stem. Seed were treated with mefenoxam [N-(2,6-dimethylphenyl)-N-(methoxyacetyl)-D-alanine methyl ester] applications underneath the developing soybean canopy. Herbicides and application rates were premix of metribuzin at fungicide at 0.11 g a.i. kg Ϫ1 seed before seeding.
Row widths were 0.5 m (NR) and 1 m (WR). Seeding rate 450 g a.i. ha Ϫ1 plus chlorimuron at 75 g a.i. ha Ϫ1 applied PRE, premix of bentazon at 560 g a.i. ha Ϫ1 plus acifluorfen at 280 was 16 seed m Ϫ1 NR and 33 seed m Ϫ1 WR, or about 50 kg ha Ϫ1 seed. Plots were 4 m (eight NRs or four WRs) wide and g a.i. ha Ϫ1 applied POST, sethoxydim at 213 g a.i. ha Ϫ1 applied POST, fluazifop at 213 g a.i. ha Ϫ1 applied POST, and a tank 21.5 m (IRR) or 30.5 m (NI) long in both years. All experiments were seeded into a stale seedbed (Heatherly and Elmmix of 2,4-DB at 224 g a.i. ha Ϫ1 plus linuron at 560 g a.i. ha
Ϫ1
applied POST as a directed spray underneath the soybean ore, 1983; Heatherly et al., 1993; Heatherly, 1999b ) that had been tilled with a disk-harrow and/or a spring-tooth field culticanopy.
In the IRR experiments, water was applied by the furrow vator in the fall. Glyphosate [N-(phosphonomethyl) glycine] at either 560 (1997) or 840 (1998) g a.i. ha Ϫ1 in 94 L ha Ϫ1 water method through gated pipe whenever soil water potential at the 30-cm depth, as measured by tensiometers, decreased to was applied preplant to IRR in 1997 and to NI and IRR in about Ϫ70 kPa. The effect of irrigation on soybean yield in categorized as at least 0 to 10% (average of 5% cover) in that sample. This is similar to the process used by Yelverton and the midsouthern USA is well documented (Heatherly, 1999a) , but irrigation environment can also affect infestation levels Coble (1991) to measure weed resurgence at the end of the growing season following early-season application of WTRTs of some weed species in WR culture (Heatherly et al., 1994) . Irrigation dates in 1997 were 27 June and 11, 21, and 31 July intended to give 100% control. Just before harvest each year, mature plant height (length for both cultivars and 7 August for DP 3588. In 1998, irrigation was applied on 16 and 25 June and 2, 23, and 31 July to both from the soil surface to the tip of stem) was measured in all plots. Lodging ratings were recorded each year, but none cultivars and on 10 and 25 August to DP 3588. Applied water traversed the area in furrows created by the tractor wheels exceeded a score of 1 (almost all plants erect). Thus, lodging data are not presented. A field combine modified for small during seeding on this soft clay soil. Irrigation was started at or near beginning bloom and was continued until the full seed plots was used to harvest the two (WR) or four (NR) center stage. Irrigation amounts were determined by the degree of rows of each plot on 5 September (Dixie 478) and 22 Septemcracking in this shrink-swell soil (cracks when dry and swells ber (DP 3588) in 1997 and on 27 August (Dixie 478) and 21 when wet) because water applied to it through surface irrigaSeptember (DP 3588) in 1998. Seed from all plots were cleaned tion flows downward to the depth of cracking and rises to the by the harvesting machine; thus, correction for foreign matter surface as the cracks fill (Mitchell and van Genuchten, 1993) . content in seed of any treatment combination was not necesWeather data in Table 2 were collected about 2 km from the sary in any year. Harvested seed were weighed and adjusted experimental site by Delta Research and Extension Center to 130 g moisture kg Ϫ1 seed. personnel.
Estimates of total expenses and returns were developed Total weed cover was determined (Elmore and Heatherly, for each annual cycle of each experimental unit using the 1988) after soybean leaf senescence (just before harvest) to Mississippi State Budget Generator (Spurlock and Laughlin, measure the season-long effect of the WTRTs. Weed cover 1992). Total specified expenses were calculated using actual by species was estimated visually from five randomly chosen inputs for each treatment in each year of the experiment and 0.5-m 2 sample areas in each plot. Estimates of weed cover in included all operating expenses and machinery ownership 10% increments from 0 to 100% were made to estimate cover costs but excluded charges for land, management, and general for each weed species. If a species was present in any of the farm overhead, which were assumed to be the same for all samples of an individual plot, then its relative abundance was treatment combinations. Machinery ownership costs for tractors, self-propelled harvesters, implements, sprayers, and the year, whereas the MG V cultivar matured in early September each year.
RESULTS AND DISCUSSION Weather and Soybean Development Nonirrigated
Thirty-year average monthly maximum air temperaPlant Height tures and total monthly rainfall for April through AuRow width, cultivar, and WTRT significantly affected gust (Boykin et al., 1995) at Stoneville and 1997 and plant height in both 1997 and 1998 (Table 3) . In 1997 averages for the same months are presented in plants in NRs averaged 54 cm and those in WRs 50 cm; Table 2 . In 1997, average maximum air temperatures DP 3588 plants were an average 6 cm taller than Dixie were near or below normal during all months of the 478 plants; and plants in WTRT 2 (POST-only weed growing season. Rainfall during the April through August period was near normal. The beginning pod management) averaged 6 cm or more taller than plants in the other WTRTs, which included PRE weed manWeed cover at harvest was significantly affected by RW and cultivar in both years (Table 5) . In 1997 , averagement. In 1998 Bowers et al. (2000) concluded that the effect of RW on plant height was dominated. Thus, the taller cultivar and NRs resulted in less weed cover in both years. inconsistent in NI-ESPS environments and not large enough to be agronomically important. In our study, RW had a relatively small and inconsistent effect on Seed Yield and Net Return plant height.
In 1997, cultivar was the only main effect that significantly affected both yield and net return (Tables 6 and Weed Management Expense and Weed Cover 7). There were no significant interactions. The 2185 kg Expense for weed management in each WTRT within ha Ϫ1 average yield (Table 6 ) and $165 ha Ϫ1 average net each RW was the same for the two cultivars within each return (Table 7 ) from DP 3588 exceeded the 1635 kg year. Therefore, expense associated with each WTRT ha Ϫ1 and $64 ha Ϫ1 from Dixie 478. The yield difference is shown only for each RW (Table 4) . Since each subbetween cultivars was associated with the difference in subunit received the same weed management across weed cover between the two (Table 5 ). The 48 kg ha
Ϫ1
replicates, all differences in weed management expense spread in average yield and the $44 ha Ϫ1 spread in averare significant.
age net return among WTRTs were too small to be sigWeed management in NRs was more expensive than nificant. that in WRs in both years (Table 4) . Thus, the banding In 1998, the RW, cultivar, and WTRT main effects of herbicides plus POST cultivation resulted in lower significantly affected both yield and net return. Howweed management expense, which concurs with results ever, the RW ϫ cultivar and RW ϫ WTRT interactions from previous research in conventional plantings (Buhsignificantly affected both variables, and they will be ler et al., 1997; Krausz et al., 1995; discussed. In the RW ϫ cultivar interaction involving 2001). In 1997, weed management in NRs was the most yield, Dixie 478 outyielded DP 3588 in both NRs and expensive in WTRT 3 (PRE and POST broadleaf and WRs, but the difference between the two cultivars was POST grass weed management) and the least expensive greater in NRs (2345 vs. 1650 kg ha Ϫ1 ) than in WRs in WTRT 1 (PRE broadleaf and POST grass weed man-(1700 vs. 1470 kg ha Ϫ1 ). The difference in yield between agement). In 1998, weed management in NRs was the NRs and WRs was also greater for Dixie 478. For the most expensive in WTRT 3 (PRE and POST broadleaf RW ϫ WTRT interaction, average NR yields from plus POST grass weed management) and the least exWTRTs 1 and 3 (2040 and 1855 kg ha Ϫ1 , respectively) pensive in WTRT 2 (POST broadleaf and grass weed were greater than WR yields, whereas WTRT 2 yields management). In WR, weed management in 1997 was in NRs and WRs (2095 and 2000 kg ha Ϫ1 , respectively) the most expensive in WTRT 3 and the least expensive were similar. In WRs, average yield of 2000 kg ha
in WTRT 2 while in 1998, weed management expenses from WTRT 2 was greater than yield from the other treatments while in NR, average yield from WTRT 3 in all WTRTs were similar. WEXP  TEXP  WEXP  TEXP  WEXP  TEXP  WEXP  TEXP  WEXP  TEXP  WEXP  TEXP   $/ha  NI   1  91  267  54  222  72  245  58  301  45  280  52  291  2  120  296  47  213  83  254  40  283  41  281  41  282  3  139  317  76  246  108  282  100  345  45  280  73  313  Avg.  117  293  59  227  88  260  66  310  44  280  55  295  IRR   1  92  444  73  414  82  429  70  429  57  404  63  416  2  120  474  66  406  93  440  59  420  60  414  60  416  3  139  494  96  436  118  465  110  471  82  433  96  452  Avg.  117  471  78  419  98  445  80  440  66  417  73 428 † Includes all operating expenses and equipment ownership costs but excludes charges for land, management, and general farm overhead. ‡ WTRT, weed management treatment: (1) pre-emergent (PRE) broadleaf and postemergent (POST) grass weed control, (2) POST broadleaf and grass weed control, and (3) PRE and POST broadleaf and POST grass weed control. (PRE and POST broadleaf and POST grass weed man-DP 3588. For the RW ϫ WTRT interaction, NR net return from WTRT 1 was greater than net return from agement) was lower than yield from WTRT 2.
WTRT ‡
In the RW ϫ cultivar interaction involving net return, the same treatment in WRs while WTRTs 2 and 3 produced similar returns across RWs. In WRs, average net higher average net return was received from Dixie 478 than from DP 3588 in both RWs, but the difference return of $112 ha Ϫ1 from WTRT 2 was greater than return from the other treatments while in NRs, average between the two was greater in NRs. Dixie 478 provided greater average return in NRs than in WRs while there net returns of $100 and $112 ha Ϫ1 from WTRTs 1 and 2, respectively, exceeded that from WTRT 3. was no difference between NR and WR returns using Irrigated finding when economic comparisons are made between Plant Height NR and WR systems. In both years, weed management in WTRT 3 (PRE and POST broadleaf and POST grass In 1997 and , average height of plants in NRs was greater than that of plants in WRs, and average weed management) was the most expensive. Weed cover at harvest was significantly affected by height of DP 3588 plants was greater than height of Dixie 478 plants (Table 3) . However, the difference in RW, cultivar, and WTRT each year ( 
OVERALL CONCLUSIONS
moisture from irrigation during reproductive developUsing data averaged over the 2 yr of the study, lowest ment enhanced weed growth through the incomplete break-even prices for Dixie 478 grown in NRs occurred canopy. Weed cover was greater in WRs regardless of with WTRTs 1 and 2 while the lowest break-even price weed management. Nelson and Renner (1998) and for Dixie 478 grown in WRs occurred in WTRT 2 (Table  Swanton et al. (1998) reported that weed control by 8). For DP 3588 grown in both RWs, lowest break-even herbicide treatments in studies using conventional price occurred with WTRT 2. Yields of Dixie 478 in plantings conducted at more northern latitudes (MichiWRs in 1998 were below those necessary to cover exgan and Ontario) was enhanced in penses in WTRTs 1 and 3. All other treatment combinations produced yields that exceeded the break-even Seed Yield and Net Return level. In all cases, the highest break-even yields occurred The WTRT main effect and the RW ϫ cultivar interwith WTRT 3. Break-even yields for WTRTs 1 and 2 action significantly affected yield and net return in both were similar in all cases. Break-even prices for NRs 1997 . In 1997 were usually lower than those for WRs, and break-even and net return ($291 ha Ϫ1 ) from WTRT 2 were greater yields for NRs were always higher than those for WRs. than average yield and return from WTRT 3 and statistiIn these ESPS plantings, use of NRs, a MG V cultivar, cally equal to average yield and return from WTRT 1 and POST-only weed management resulted in slightly (Tables 6 and 7 ). In 1998, WTRT 2 average yield (2700 but significantly taller plants in both NI and IRR envikg ha Ϫ1 ) and net return ($114 ha Ϫ1 ) exceeded average ronments. Use of NRs vs. WRs resulted in better weed yields and returns from WTRTs 1 and 3. Thus, use of control as indicated by less weed cover in NRs at soy-POST-only weed management resulted in yields and bean maturity, but this was associated with greater weed net returns that were as good as or greater than those management expense in NRs in both NI and IRR. Use resulting from use of weed management that included of POST-only weed management (WTRT 2) consis-PRE herbicides in both years.
tently resulted in the lowest expense combined with the For the RW ϫ cultivar interaction, both cultivars in highest net return in both NI and IRR. These results NRs outyielded their WR counterparts in both years.
indicate that both MG IV and MG V cultivars planted In NRs in 1997, Dixie 478 (4395 kg ha Ϫ1 ) outyielded using the ESPS should be in NRs, and POST-only weed DP 3588 (3910 kg ha Ϫ1 ) while in WRs, the opposite was management should be used for optimum agronomic and economic results. true. In NRs in 1998, average yields of Dixie 478 (2895 management, and general farm overhead) for early planted maturity group (MG) IV and V soybean cultivars grown in
